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Abstract.15

BACKGROUND: Several heat indices have been developed in industrial health, but each has its limitations.16

OBJECTIVE: The objective of this article is to determine the validity and applicability of a temperature-humidity index,
named Humidex compared with the Standard Wet-Bulb Globe Temperature (WBGT) index (ISO 7243).

17

18

METHOD: This cross-sectional study was conducted in the summer of 2019, in a tile factory in the west of Iran. 59
measurements were performed in 8 different workstations. Environmental parameters including natural wet bulb temperature
(Tnw), dry bulb temperature (Ta), globe bulb temperature (Tg), and heat stress (WBGT) were measured. Humidex was
calculated according to an equation. SPSS software (version 16) was used for data analysis.

19

20

21
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RESULTS: There was a high correlation between Humidex and WBGT in the estimation of heat stress (R=0.912, P<0.001).
The Kappa Coefficient between Humidex and WBGT was 0.298, P=0.001.

23
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CONCLUSION: Humidex is highly correlated with WBGT. Humidex can be used instead of the WBGT index, especially
in hot and humid environments.
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1. Introduction28

Heat stress is a major occupational risk factor29

[1–4], especially in the tile industry, where workers30

work with high-temperature furnaces. According to31

the American Conference of Governmental Industrial32

Hygienists (ACGIH), heat stress is the sum of heat33
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from metabolic activity, environmental factors (i.e., 34

air temperature, humidity, air movement, and radi- 35

ant heat), and clothing type [5]. Environmental heat 36

and metabolic heat can cause complications such as 37

heat strain, increased accident risk, Heat stroke risk, 38

neurological and mental symptoms, and decreased 39

efficiency [6, 7]. The first step to prevent the adverse 40

effects of heat stress is to measure heat stress and 41

determine risk. So far, several indices have been pro- 42

posed to evaluate heat stress in workplaces, and the 43
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Wet Bulb Globe Temperature Index (WBGT) is one44

of the most important indices. This index is related45

to the body’s physiology in hot settings [8, 9]. The46

International Organization for Standardization (ISO)47

has introduced a standard method named ISO 724348

to measure WBGT. This index is a combination of49

environmental factors, including radiant temperature50

(Tg), arid temperature (Ta), and natural wet temper-51

ature (Tnw) [10]. In the study by Srivastava et al.,52

heat stress in a glass factory in India was assessed53

by using WBGT, Mean Radiant Temperature (MRT)54

and Corrected Effective Temperature (CET) indices;55

and the results showed that WBGT was a suitable56

index in determining the rest/activity cycle. Despite57

its advantages, such as reliability and broad appli-58

cability, the WBGT index is not applicable in high59

heat, where sweat evaporation is limited, because of60

high humidity or low air flow. Interpretation of the61

values obtained from the WBGT index requires a62

detailed assessment of individual activities, clothing,63

and other factors; and neglecting these factors may64

lead to major mistakes in the interpretation of adverse65

effects of heat stress [11]. Numerous indices have66

been developed and tested in recent years [12]. One67

of the indices used for measuring heat stress is called68

Humidex. Humidex was introduced by Richardson69

and Masterton in 1979 [13] to determine thermal70

comfort conditions by using two important param-71

eters; which are temperature and relative humidity72

or dew point. The Humidex index was originally73

used to predict weather conditions, and thereafter due74

to its convenience, simplicity of use and not need-75

ing complex measurement tools broadly applied for76

heat stress assessment in workplaces. The Humidex77

index equation is based on two assumptions associ-78

ated with the human body’s temperature-regulating79

system which include: 1) Normal temperature is 27-80

30◦C for a naked person exposed to mild airflow.81

2) Human physiology is unable to heat acclimation82

if the environmental temperature exceeds 32◦C in83

the humidity above 75% [14]. In 2001, the Occu-84

pational Health Clinics Ontario Workers (OHCOW)85

used this index to evaluate heat stress [15]. The many86

employers who used WBGT to measure heat stress87

in their workplace complained about the complexity88

and impracticability of the WBGT index, and this led89

to the expansion of using Humidex. Humidex is an90

experiential index that is equal to the dry tempera-91

ture in degrees Celsius. The leveling of the Humidex92

index for thermal comfort conditions is as follows;93

The index value below 29 indicates discomfort in94

few workers, the value between 30 to 34 indicates95

the feeling of relative weakness in the workers, the 96

value between 35 to 39 indicates severe weakness (it 97

is better to limit heavy physical activities), the value 98

between 40 to 45 feeling of general weakness (it is 99

dangerous and physical activity should be avoided), 100

the value between 46 to 53 indicates a serious risk 101

(must stop physical activity), and the value more than 102

54 indicates imminent heat stroke (risk of death) [16]. 103

The study by Rana et al. expressed that Humidex is a 104

summary of temperature and humidity and measure 105

easily, and the credible index for predicting thermal 106

comfort in indoor environments with high levels of 107

humidity [17]. Another study conducted by Barnett 108

et al. based on deaths that occurred in 107 US cities 109

from 1987 to 2000, compared 14 different heat stress 110

measurement methods by using humidity and tem- 111

perature models. No model was found to be better 112

than other models in predicting the mean tempera- 113

ture which resulted in death in different age groups, 114

cities, or seasons [18]. This study aimed to validate 115

Humidex for the evaluation of heat stress in industrial 116

settings. 117

2. Methods 118

This study was conducted in a tile manufacturing
plant located in the west of Iran. The manufacturing
hall was divided into eight main units in the tile fac-
tory, and 59 measurements were performed in these
units on non-holidays (Table 1). The points suitable
for measurement were determined by the presence of
workers at the workstations and the heat sources in
the units. At each workstation, environmental param-
eters, including natural wet bulb temperature (Tnw),
dry bulb temperature (Ta), globe bulb temperature
(Tg), and WBGT index were measured by using a
Heat Stress WBGT meter - HB3279-03 (manufac-
tured by Casella Solutions, UK). Measurements were
performed between 10 am and 2 pm. The WBGT
meter device was placed at a height of 110 cm for 30
minutes in different workstations. The temperature
was similar at head and ankle height and was therefore
not repeated at these heights. Environmental parame-
ters were read and recorded after thermal equilibrium
was established. Calibration was performed before
sampling according to catalog instructions. The tile
manufacturing plant workstations were located in
indoor spaces (without solar radiation). WBGT (◦C)
was measured and calculated according to Equation
1 [19, 20].
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Table 1
The number of measurements in the different units at the tile

factory

Factory units n

Press 13
Bisque Firing 11
Glaze Firing 11
Sorting and Packing 7
Glaze preparation 4
Glazing 4
Pre-grinding of hard raw materials 6
Spray Dryer 3

WBGT = 0.7Tnw + 0.3Tg (1)

In this equation, Tnw, and Tg represent natural
wet temperature, and radiant temperature in Cel-
sius degrees, respectively. Humidex was calculated
according to Equation 2.

Humidex = T + 0.5555

×
[(

6.112 ×
(

exp (7.5 × T )

237.7 + T

)
×

(
RU

100

))
− 10

]

(2)

In this equation, T and RU represent air tempera-119

ture (in Celsius) and relative humidity (in percentage)120

respectively. The temperature and humidity ranges121

were defined and the correlation between indices was122

calculated in these defined ranges. Relative humid-123

ity was categorized as less than 25%, 25-35%, and124

more than 35%; and the temperature was catego-125

rized as less than 30◦C, 30-35◦C, and values higher126

than 35◦C. To compare the indices, the threshold127

value of WBGT for people adapted to average work-128

ing conditions and with light summer clothes was129

considered 28◦C [21], and Humidex was consid-130

ered 35◦C. Table 2 shows different heat stress levels131

of the WBGT and Humidex indices [22]. The nor-132

mality of quantitative variables was checked using133

the Kolmogorov-Smirnov test. Scatterplots, Pearson134

correlation coefficients, and Kappa coefficients were135

performed to evaluate the statistical relations and136

agreement. SPSS 26 statistical software was used to137

analyze the data. P-values less than 0.05 were con-138

sidered statistically significant.139

3. Results140

The WBGT values ranged between 19 and 32◦C141

and Humidex values ranged between 27 and 49◦C. In142

the WBGT index, 23.7% of the data were above the143

threshold limit (TLV=28◦C). In Humidex, 59.3% of144

Table 2
Heat stress levels of WBGT and HUMIDEX [22]

Heat stress levels WBGT (◦C) Humidex (◦C)

No heat stress <28 <35
Slight 28–32 35–40
Moderate 33–35 41–45
Strong 36–38 46–54
Extreme >38 >54

the data were above the threshold limit (TLV=35◦C). 145

Table 3 lists the values of thermal parameters in 146

different units. As can be seen in Table 4, the high- 147

est values of the WBGT index were in the Glaze 148

Firing and Bisque Firing units. Moreover, the high- 149

est value of Humidex was in the Glaze Firing unit; 150

and the Pressing unit and Bisque Firing unit shared 151

the second rank. The lowest value of the WBGT 152

index was measured in the spray dryer unit, and 153

the lowest value of Humidex was measured in the 154

Glazing unit. The correlation between WBGT and 155

Humidex was evaluated in different ranges of air 156

temperature (less than 30, 30-35, and above 35◦C) 157

and relative humidity (less than 25, 25-35, and above 158

35%). The calculated agreement coefficient (Kappa- 159

value = 0.3) indicated a relatively poor agreement 160

between WBGT and Humidex. However, by consid- 161

ering the Pearson correlation coefficient (R = 0.912), 162

a very high agreement was observed between the two 163

indices (P-value < 0.001) (Table 5). According to 164

the results of the WBGT index, 23.7% of the mea- 165

surements in different manufacturing parts fell in the 166

slight heat category; however, based on the results 167

of Humidex, 25.4% of the measurements fell in the 168

slight category, 22% fell in moderate category and 169

11.9% of them fell in the strong category (Table 6). 170

The correlation between WBGT and Humidex was R 171

= 0.912, P < 0.001) and the scatter plot can be seen 172

in Figs. 1 and 2. 173

4. Discussion 174

According to the results, the WBGT values ranged 175

between 19 and 32 and Humidex values ranged 176

between 27 and 49. In the WBGT index, 23.7% of 177

the data were over the threshold limit (28◦C) and 178

76.3% were lower. Also, for Humidex, 59.3% of the 179

data were over the threshold limit value (35◦C) and 180

39.7% were lower. The highest values of the WBGT 181

index were obtained in the Bisque Firing and Glaze 182

Firing units. Also, the highest value of Humidex was 183

obtained in the Glaze Firing and the pressing unit, 184
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Table 3
Thermal parameter distribution in the different units of the tile factory (n=59)

Factory units Ta
◦C Mean (Range) Tg

◦C Mean (Range) Tnw
◦C Mean (Range) RU % Mean (Range)

Press 33(25-40) 34(26-41) 21(16-26) 35(25-52)
Bisque Firing 34(25-42) 36(24-44) 23(17-27) 31(25-39)
Glaze Firing 36(29-42) 37(28-44) 23(19-27) 29(24-36)
Sorting and Packing 32(26-38) 33(27-38) 21(17-25) 34(31-39)
Glaze preparation 30(26-34) 30(26-34) 21(18-23) 41(35-50)
Glazing 27(25-31) 27(25-32) 19(17-20) 28(26-30)
Pre-grinding of hard raw materials 28(25-30) 33(26-38) 18(16-21) 32(28-37)
Spray dryer 27(26-28) 27(26-28) 18(17-19) 38(35-42)

Table 4
WBGT and HUMIDEX distribution in the different units of the tile factory (n =59)

Factory units Test number WBGT (◦C) Humidex (◦C)
Mean ± SD Range Mean ± SD Range

Press 13 25 ± 3 19-30 39 ± 7 28-49
Bisque Firing 11 27 ± 3.3 21-32 39 ± 6 27-47
Glaze Firing 11 27.2 ± 3 22-31 40.5 ± 4.7 33-47
Sorting and Packing 7 25 ± 3.6 20-29 37 ± 6 30-44
Glaze preparation 4 23.6 ± 2.9 21-26 36 ± 4.5 31-40
Glazing 4 21.5 ± 1.9 19-24 29 ± 3 27-33
Pre-grinding of hard raw materials 6 22.4 ± 2.5 19-25 31 ± 2.9 27-35
Spray dryer 3 20.5 ± 1.1 19.6-22 31 ± 2.2 29-33

Table 5
The correlation between WBGT and Humidex in different air temperature

and relative humidity in the Tile factory

Dry temperature (◦C) Relative humidity (%) Marginal
<25 25-35 >35

<30 N=0 N=14 N=10 N=24

R=0.519, R=0.88, R=0.616,
P=0.057 P=0.001 P=0.001

Sen=100% Sen=90% Sen=95.8%
30-35 N=1 N=9 N=5 N=15

R=0.966, R=0.721, R=0.814,
P<0.001 P=0.170 P<0.001

Sen=11.1% Kappa =0.01,
P=0.782

Sen=7.1%
>35 N=2 N=12 N=6 N=21

R=-0.973, R= 0.353, R=0.738,
P<0.001 P=0.492 P<0.001

Marginal N=3 N=35 N=21 N=59

R=0.999, R=0.960, R=0.925, R=0.912,
P=0.033 P<0.001 P<0.001 P<0.001

Low Cases Kappa=0.316, Kappa=0.222, Kappa =0.298,
P<0.001 P=0.105 P=0.001

Sen=53.6%, Sen=50%, Sen=51.1%,
Spe=100% Spe=100% Spe=100%

and the Bisque Firing unit was the second rank. The185

lowest value of the WBGT index was obtained in a186

spray dryer unit, and the lowest value of Humidex was187

obtained in the Glazing unit. In the study by Hosseini188

et al. in a tile manufacturing industry to evaluate heat 189

stress, the highest values of the WBGT index were 190

obtained in Bisque and Glaze Firing, and this was 191

consistent with the results of this study [23]. Humidex 192
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Table 6
Different classes of Humidex vs. WBGT in the tile factory (n=59)

Heat stress WBGT Humidex
classes n % n %

No heat stress 45 76.3 24 40.7
Slight 14 23.7 15 25.4
Moderate 0 0 13 22
Strong 0 0 7 11.9
Extreme 0 0 0 0

Fig. 1. The scatter plot of WBGT vs. Humidex indices (WBGT-
total=6.11+0.51 Humidex-total) (R= 0.912, P < 0.001, R2 = 0.831).

had a better performance compared to the WBGT193

index, in the unit where the values of one of the194

two parameters of humidity and temperature (hot195

processes) were higher than in the other units. The196

effect of humidity and temperature in the correlation197

between the two indices based on defined ranges of198

temperature and humidity was evaluated. The corre-199

lation between the two indices was in different ranges200

of temperature or humidity, and the obtained agree-201

ment coefficient (Kappa=0.3). WBGT and Humidex202

have a relatively poor agreement, and by consider-203

ing WBGT as the standard and index, the sensitivity204

and specificity of Humidex were 51% and 100%,205

respectively. However, by considering the Pearson206

correlation coefficient, a very high agreement was207

observed between the two indices (R=0.9). The study208

by Heidari et al. showed that regardless of the type209

of climate (arid or semi-arid), in the studied temper-210

ature and humidity range, Humidex can be applied211

as a suitable substitute for WBGT, and it is com-212

patible with tympanic temperature as a physiological213

response against heat. Evaluation of low tempera-214

tures or extremely hot temperatures (above 30◦C)215

accompanied by high humidity (above 30%), focus-216

ing on tympanic temperature or other valid indices 217

will provide more realistic results of thermal condi- 218

tions [14]. According to the results of the WBGT 219

index, 23.7% of the measurements in different man- 220

ufacturing parts fall into the slight category and the 221

range of below 32◦C; however, based on the results 222

of Humidex, 25.4% of the measurements fall in the 223

slight category, 22% fell in moderate category and 224

11.9% of them fell in the strong category. Compared 225

with the WBGT index, Humidex works better on 226

the evaluation of the risk of heat stress in settings 227

with moderate and extreme heat stress. The study 228

conducted in Washington during the years 1980- 229

2010 showed that as the air temperature increases 230

above Humidex >36, 1.69 percent of deaths increase 231

[24]. Despite its limitations, Humidex is regarded 232

as a suitable and popular index in the evaluation of 233

heat stress in outdoor settings [25]. Golbabaei et al. 234

reported that there is a moderate correlation between 235

physiological strains and WBGT [26]. In a study 236

conducted in Korea regarding thermal stress in out- 237

door settings by using different indices, WBGT was 238

more sensitive in the evaluation of heat stress in out- 239

door settings. Based on the results, there is a very 240

high correlation between the two indices (R=0.912, 241

P<0.001) [27]. In the study Haidari et al., similar 242

results were obtained, which indicated a high correla- 243

tion (R=0.98) between WBGT and Humidex indices 244

[14]. The correlation between WBGT and Humidex 245

indices was investigated based on threshold limit 246

values (TLV) defined for these indices. A high corre- 247

lation was found between the two indices (R=0.912, 248

P<0.001) and also a relatively poor agreement was 249

observed between the two indices (Kappa-Value = 250

0.298, P=0.001). One reason may be that in cases 251

where WBGT values are below 28◦C and Humidex 252

values are below 35, there will be weak correlations 253

between the two indices (R=0.387, P=0.062); mean- 254

ing that some values are considered as standard values 255

based on WBGT index, instead, they are recognized 256

to be above standard, based on Humidex. The next 257

reason is that in settings with high temperature and 258

high humidity levels, Humidex works very well in 259

estimating the risk of heat stress and the application 260

of WBGT is quite limited to these conditions. Results 261

of the study by Alfano et al. showed that Humidex 262

often works very well in the evaluation of heat stress 263

in dangerous settings with temperatures above 36◦C; 264

however, it has weak reliability in the evaluation of 265

thermal conditions below 36◦C in indoor settings and 266

these results are consistent with the present study 267

[28]. 268
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Fig. 2. Scatter plot and regression of total WBGT and total Humidex on the basis of defined categories of their standard values.

5. Conclusions269

Humidex serves very well in the classification270

in terms of estimation of the actual level of heat271

stress. Results indicated that in indoor settings, when272

one or both parameters of dry-bulb temperature273

and humidity are high, Humidex will have a more274

sensitive compared to WBGT and application of275

WBGT is quite limited to these conditions. There-276

fore, Humidex can be used as a suitable substitute277

-yet with better performance- for WBGT, especially278

in workplaces with a high potential for heat stress.279

It is recommended to compare these two indices280

in different industries and under different climatic281

conditions. It is also suggested that the results of282

these two indices, together with the physiological283

responses of the human body, be examined in the284

future.285
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